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ABSTRA.CT 
Bac),:ground and Purpose: In 1998, curling was a\varded medal status in 
Olympic competition, and since then, the popularity of the sport has dramatically 
increased. This has led to increased skill level and competition among curlers. However, 
there is currently limited research analyzing the curling delivery. The purpose of this 
study is to provide scientific information explaining delivery characteristics of curlers 
while executing drav,' and take-out shots. This study concentrated on the force generators 
yvithin the delivery and the mechanisms llsed to control and determine weight. Methods: 
Three healthy subjects participated in this motion analysis study. Subjects were video 
taped completing three successful dra\v and three successful take-out shots using there 
normal curling delivery. Eighteen successful deliveries \\'ere analyzed in this study. An 
independent t-test was used for analyzing the means of rock height, subject COG linear 
velocity, and rock linear velocity. In addition, a visual comparison of angular velocities 
occurring at the hip, lmee and ankle was made between draw and take-out deliveries . 
Results: When comparing the two deliveries, tViO oftl1Tee subjects showed significant 
increases in rock height and rock linear velocity. No subjects showed significant 
increases in COG linear velocity. Tv,Io subjects seemed to show large increases in 
angular velocities \vhen comparing the deliveries. Conclusion: No one consistent 
method of weight control \vas used by the three subjects, and weight control seems to be 
due to individual preference. 
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CHAPTER I 
INTRODUCTlON 
After four appearances in the \vinter Olympics as a demonstration sport, the 
United States Curling Association and curlers around the \vorld \vere beginning to 
question if the world's most dominant teams \vould ever be awarded medals for their 
achievements in Olympic competition. Finally, in July 1992 curlers received their wish. 
Curling \vas approved to participate in the 1998 \;>,Iinter Olympics as an official medal 
sport. I Gaining medal status did not get the same attention as women's hockey or 
snowboarding for their debut as a medal sport, but to the estimated 1.5 million people in 
thirty-three countries who participate in the sport of curling the events were equally 
. 2 Important. 
Curling described by Brian Carr3, CBS SportsLine Senior Editor, as "Take the 
strategy of chess, the precision ofbO\vling and the finesse of billiards. Add a dash of 
shuffleboard and put on gloves and a hat." It is generally agreed upon that curling 
originated in Scotland in the 16th century where Scottish farmers curled on frozen 
marshes using "channel stones," which were naturally smoothed by the water. 1,2 
Throughout the last 300 years the principles of the game have remained similar however 
the rules, equipment and skill level have changed tremendously. I 
Scottish immigrants introduced the game to North America first in Canada in 
1759 and later to the United States in 1832. 1 Since the 1850's, curling has thrived in the 
1 
northern states including: \Visconsin, Minnesota and North Dakota. In all there are 
t\venty-six states in the nation with active curling clubs and it is estimated there are over 
] 5,000 curlers in the United States and].5 million world \vide.3 
In Nagano Japan the United States finished fourth and fifth in the men's and 
\vomen's divisions respectively in the eight country field with S\vitzerland and Canada 
winning the gold medals.4,5 With the popularity of the sport increasing and now 
possessing medal honors in Olympic competition, research must be done to increase the 
understanding of the game and the overall skill level of U.S. Olympic curlers. This 
research will keep U.S . curlers competitive \vith other countries as the sport enters the 
new millennium. 
The United States Curling Association (USCA) and the United States Olympic 
Committee (USOC) offer many teaching schools and programs each year to improve 
performance in an attempt to enable the United States to remain competitive with other 
countries . It is this effort by the USCA and USOC to improve performance that a 
biomechanical investigation of the curling delivery \vas considered imp011ant and timely. 
Problem Statement 
Few scientific investigations of the curling delivery have been repor1ed in the 
literature. \Veyman and Watson published the earliest work explaining delivery 
mechanics.7 In ] 979 Holt and Alexander attempted to apply biomechanical techniques to 
the study of the curling delivery, and in ] 982 Constance Marie Bothwell-Myers 
published the most recent study explaining the mechanics of the curling delivery.7 
HO\vever, the fact remains that in 1999 little research has been completed to explain the 
kinematics of the curling delivery. 
2 
Purpose of Study 
The purpose of this study is to provide scientific information explaining delivery 
characteristics of experienced curlers \vhile executing draw and take-out shots. Such 
information can be used to reaffirm current ideas, beliefs and practices related to the 
mechanics of the curling delivery, improving the overall skill level of competitors. 
Significance of Study 
The significance and need for the study \vas supported by the little research 
completed and the desire of the researcher to explore questions which have emerged from 
a review of the literature and the researcher's active participation in the sport of curling. 
The intent of this study is to provide a better understanding of the mechanics of the 
curling delivery. This will allow coaches to make adjustments based on research, 
optimally improving performance of curlers. 
Research Questions 
The two research questions most important to the investigator relate to the forces 
generated during the forv,'ard propulsion of the curling delivery. 
1. What mechanisms do curlers use to control and determine \veight while 
delivering the stone? 
2. Are the mechanics of the curling delivery similar for draw and take-ollt shots? 
Hypotheses 
Ho 1: There is no si2.nificant difference in the hei2.ht the rock is lifted off the ice 
~ ~ 
when comparing dra\v and take-out trials of individual subjects. 
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Ha 1 : There is a significant difference in the height the rock is lifted off the ice 
when comparing draw and take-out trials of individual subjects. 
Ho2: There is no significant difference in the linear velocity of the center of 
gravity (COG) of the subject \vhen comparing draw and take-out trials of 
individual subjects. 
Ha 2: There is a significant difference in the linear velocity of the COG of the 
subject when comparing draw and take-out trials of individual subjects. 
Ho 3: There is no significant difference in the rock velocity when comparing draw 
and take-out deliveries of individual subjects. 
Ha 3: There is a significant difference in the rock velocity \vhen comparing draw 
and take-out deliveries of individual subjects. 
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CHAPTER II 
LITERA. TURE REVIEW 
Almost nothing in the world of sports remains constant. Ne\vequipment, 
techJ1iques and rules are constantly being added to improve the sport as a \vhole. The 
sport of curling is no different. Changes in equipment, techJ1iques and facilities have 
been made to help gain mastery of the game.? Throughout this chapter peJ1inent 
information regarding the curling delivery and most specifically the source offon\'ard 
propulsion of the curler from the hack will be discussed. 
Curling which began on frozen rivers and lakes, and participants used primitive 
brooms to clear snow from the path of the sliding stones. To the modern version, which 
is played on refrigerated ice to assure consistency, and brooms are used to control the 
\veight and direction of the curling stone.2, 3 HO\vever, the most dramatic change the 
game has seen involves the deli'very of the curling stone. The delivery has changed from 
one of a stationary position to the modern teclmique of sliding a distance of 
approximately thiJ1y feet.? Bothwell-Myers? describes the stationary delivery as, "The 
curler stood on the plate and delivered the stone from a stationary, crouch position with 
either a pushing motion or a side arm swing." It \vas not until the introduction of the 
hack that the first sliding delivery was noticed.7 The hack allo,ved solid footing and the 
ability for curlers to use a higher arc on their back s\ving. This increased the velocity of 
5 
the dovmswing, eventually pulling the curler out of the hack; hence, initiating the start of 
the slide delivery. Curlers soon realized reducing the friction bet\veen the ice and the 
sliding foot \vould lengthen the slide and bring the curler closer to the target before 
releasing the stone, improving their overall accuracy.? Today, the slide delivery 
predominates and the gro\ving interest in the sport, especially among the young, is often 
credited to the attraction of the long slide delivery. 
The curling delivery is described in four different components: 1) stance, 2) 
backs\ving, 3) downs\.ving, and 4) slide and follow-through. s For this study the 
backswing and downsv.ling are of particular interest. It is \vithin these two components 
\\There curlers' forward propulsion appears to be generated. The question remains, how is 
this force generated? 
In reviev.ring the literature, there seems to be somewhat of a disagreement as to 
the method curlers' use to control \veight or fonvard propulsion. As defined by Mark 
Mulvoy,S "\\leight is the amount of force, or momentum, on the stone as it moves dovm 
the ice." One theory claims \veight control is determined by the height of the curler's 
backswing during the delivery. For example, a curler may take a long, high backswing 
for a take-out shot, or a shorter, lov.ler backs\ving for a draw shot.s The higher the 
backswing the more stored potential energy available to deliver the rock, increasing the 
overall velocity of the rock. Roy Thiessen, author of Curling Handbook, follo\vs the 
backsv.;ing theory of\veight c0l1trol.9 He states, "The primary function of the backsv\ling 
is to provide appropriate momentum to successfully complete the forward swing and thus 
execute the desired shot." 
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In contrast, Ernie Richardson8 uses a different method of Vi eight control. He 
states, "I prefer to depend on my leg drive as a gauge for \veight." This method of using 
the leg drive for yveight control is expressed in Curling to /iVin as well. 10 However, this 
literature discusses different methods of\;veight control for draw and take-out shots. As 
explained for take-out shots,1O "The speed of the slide is direct and forceful with a strong 
leg drive." Where as for draw shots, "The speed of the delivery is slower \:vith the weight 
coming more from the stone and less from the leg drive." 
A third theory addressing a method to control the momentum or forward 
propulsion of the curler from the hack involves the use offriction.7, 10 Ed \Verenich uses 
friction to make adjustments during his delivery. He applies pressure through his trailing 
leg to slO\v the velocity of his delivery and rock. 10 Bothwell-Myers, author of Kinematic 
Characteristics of the Curling DelivelY, found the release point of the stone in the 
delivery as the predominant \veight control mechanism. This would seem to support Ed 
Werenich's method of weight control.7 Botlnvell-Myers found the release point for a 
draw shot was] .66 meters longer than a take-out shot. In other words, curlers use this 
extra distance to decelerate themselves and the stone allO\ving execution of proper 
weight. 
In contrast to the theory, \\;hich uses the height of the backswing to control 
weight, Botlnvell-Myers found the height of the backswing to be similar for draw and 
take-out deliveries. She at1ributes rock and center of mass momentum to a combination 
offactors: (a) acceleration during the downswing, (b) forward displacement of the center 
of mass during the downswing, and (c) hack knee extension during the leg drive phase.7 
In addition, the subjects generated approximately seven times more rock force while 
7 
leaving the hack than necessary for a takeout shot and about ten times more force than 
necessary for a draw shot. Without a doubt, these forces are generated to overcome 
forces of friction during the glide phase, which in turn, seems to support the theory that 
weight is controlled or adjusted by varying the release point during the glide phase of the 
curling delivery. 
With the findings that \veight control occurs by varying the release point in the 
glide phase of the delivery, there tends to be no differences in the stance, backsv-.'ing, and 
downsv,ring aspects of the curling delivery \vhen comparing take-out and draw shots. 
These findings concur with Both\vell-Myers in that the pattern of acquisition of 
momentum is similar for draw and take-out deliveries and differences relate to individual 
preferences. 
In review, there seems to be three predominant methods ofvlTeight control: 
varying the height of backs wing, altering the release point, and increasing leg drive to 
increase fonvard momentum. Therefore, the researcher performed this study to reaffirm 
current ideas, beliefs and practices associated \;vith methods to acquire fonvard 
momentum in the curling delivery. 
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CHAPTER III 
METHODS 
Subjects 
Due to the limited number of experienced curlers available, subjects were asked 
to participate in the study by the researcher. Each subject \vas informed they were 
participating on a volunteer basis and information gained from their participation would 
benefit the sport of curling. Three experienced curlers agreed to paJ1icipate in this study. 
In order to participate in the study, each subject was required to deliver the curling stone 
\;vith a "leg drive and slide" delivery. 
The subjects \vere between the ages of 21 and 40 (Table 1). Prior to data 
collection subjects completed a prescreening questionnaire (Appendix B). The 
questionnaire identified previous injuries or complications that would put them at risk or 
interfere with the results of this study. The subjects were informed of the purpose of this 
study and their rights as human subjects. All subjects signed a consent form approved by 
the Institutional Review Board at the University of North Dakota (Appendix B). 
Instrumentation 
The collection of data involved the use of four PULNix video cameras (Appendix 
C) with optional 60/120 Hz scanning frequencies. Due to the relatively slow speed of the 
curling delivery the 60 Hz setting \vas used in this study. The master camera (camera #1) 
\vas placed perpendicular to the sagittal plane approximately t\venty feet to the subjects' 
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left and slightly behind the hack (Figure 1). Camera #2 was placed directly opposite 
camera #1 (Figure 2). Therefore, vieyving the markers placed on the subjects' right. 
Cameras #3 (Figure 2) and #4 (Figure 1) were placed near each hog line on adjacent 
sheets and \vere directed at approximately 45° to the frontal plane. 
Table 1. Subject Characteristics (n=3) 
AVERAGE RANGE 
AGE (years) 29 21-40 
HEIGHT (inches) 69 64-71 
WEIGHT (pounds) 168 130-205 
GAMES/PRACTICES (per 6 4-7 
\veek) 
CURLING EXPERlENCE 19 11-30 
(years) 
Video information \vas subsequently recorded on tape using a lVC Model BR-
S378U S-VHS VCR (Appendix C). After recording each individual trial, the video taped 
data was transferred via a Sanyo Model GVR-S955 SVHS VCR and a Sony Trinitron 
Color Video Monitor to the PEAK Technologies System. Analyzing the video data was 
completed using the PEAK Teclmologies System equipped with the Peak Motus software 
version # 4.3.1. The PEAK 25 point calibration frame was recorded prior to video data 
collection giving a reference to position in space for data analysis by the PEAK 
Technologies System (Figure 2). 
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Figure 1. Photographic set-up showing cameras 1 and 4 
Figure 2. Photographic set-up showing cameras 2, 3 and the PEAK calibration frame 
11 
Procedure 
Data collection took place at the Grand Forks Curling Club located in Grand 
Forks, North Dakota. Permission to use this four sheet facility \vas granted by the club 
president for March 25, 1999. The experimental protocol for this study required each 
subject to complete 3 successful out-turn draw shots and 3 successful out-turn take-out 
shots. In order to be considered a successful drav,' shot the stone must come to rest inside 
the house. For take-out deliveries, a target stone \vas placed on the intersection of the 
centerline and t-line. In order to be a successful take-out delivery, the curler had to 
deliver a stone with enough force and accuracy to remove the target stone from play. 
Subjects \vere informed to use their normal deliveries and to choose their own line of 
delivery to complete the shot required . It should be noted that the speed of the ice during 
data collection \vas approximately 22 seconds (measured from near hog-line to far t-line). 
Subjects \vere scheduled upon their availability on the day of data collection. 
Upon arrival subjects \;>.,'ere informed of the data collection procedure and asked to read 
and sign the consent form as explained previously. Subjects \\'ere allowed to warm-up 
until comfortable using their normal curling delivery to complete the shots required. 
To improve reliability of marker placement and digital analysis, subjects wore 
black lycra on their lower extremities . Reflective markers \vere placed bilaterally on the 
subjects on the following landmarks (Figure 3): fifth metatarsal head, calcaneous (level to 
the fifth metatarsal head), lateral malleolus, mid shaft of the tibia, lateral aspect of the 
knee joint line, greater trochanter, iliac crest (70% of the distance from the S2 vc-rtebral 
level and the ASIS), and S2 on the sacrum. In addition a marker was placed on the 
curling stone to allow tracking throughout the delivery. 
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mum 
Sacrum 
Hip Joint 
Knee Joint 
Malleolus 
• 
Calcaneous 5th Metatarsal Head 
Figure 3. Marker Placement of the lower extremity 
A total oftv,renty-one deliveries \vere recorded for analysis. However, only 
successful deliveries were of interest in this study meaning that eighteen were used in 
data analysis. An average of3.7 and 3.3 deliveries were required to complete the draw 
and take-out series of shots respectively. 
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Data Analysis 
Analysis of the eighteen deliveries \vas completed using the Microsoft Excel 2000 
Statistical Package. An independent t-test ""as used for analyzing the means ofrock 
height, subject COG linear velocity, and rock linear velocity_ 
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CHAPTER IV 
RESULTS 
Due to the small sample size, data for the draw and take-out deliveries are 
compared \\'ithin each subject or individually. Results are based on the means for the 
tllTee successful draw deliveries and tlu'ee successful take-out deliveries. Independent t-
tests were used in determining the results of the study with an alpha level of O.OS. 
The maximal height of the backswing was compared between draw and take-out 
deliveries. Subject #] shows a mean back swing of 0.] 8 m for a draw delivery and 0.S6 
m for a take-out (Table 2). This difference in rock heights between draw ar,d take-out 
deliveries was found to be significant (P=0.003). Subject #2 shows a mean backsyving 
height of 0.09 m for the draw and 0.09 m for the take-out delivery (Table 3). These 
results did not prove to be significant (p=0.619). Subject #3 displays a mean backswing 
of 0.11 m for a draw delivery and 0.22 m for a take-out proving to be significantly 
different (P=0.008) (Table 4). 
Table 2. Subject #1 Rock Height 
t-Test: Two-Sample Assuming Equal Variances: SUBJECT #1 Rock 
Height 
Mean 
Variance 
df 
P(T<=t) two-tail 
Draw 
0.18 
6.223E-OS 
4 
0.003 
15 
Take-Out 
0.S6 
0.01 
Table 3. Subject #2 Rock Height 
t-Test: Tv,lo-Sample Assuming Equal Variances: Subject #2 Rock 
Height 
Mean 
Variance 
df 
P(T<=t) t\vo-tail 
Table 4. Subject #3 Rock Height 
Draw 
0.09 
0.0005 
4 
0.62 
Take-Out 
0.09 
4.34887E-06 
t-Test: Two-Sample Assuming Equal Variances: Subject #3 Rock 
Height 
Mean 
Variance 
df 
P(T<=t) two-tail 
Draw 
0.11 
0.0008 
4 
0.009 
Take-Out 
0.22 
0.0007 
The subjects' COG linear velocity, defined as movement of the sacral marker, was 
analyzed for differences between the tv·/o deliveries. Sacral linear velocities were 
calculated based on the last 10% of the filmed video frames. This is commonly termed as 
the push-off phase with the end of filming representing the subjects' stance leg leaving 
the hack and becoming the trailing extremity. Subject # 1 displayed a mean sacral 
velocity of2.21 m/s for draw deliveries and 2.14 m/s for take-outs (Table 5). This 
difference in COG velocities was not found to be significant (p=0.824). In fact this 
particular subject leaves the hack with greater COG velocities for draws when compared 
to take-outs. In Table 6, Subject #2 shows a mean sacrum velocity of 1.88 m/s for draw 
deliveries and 2.17 mls for take-outs, also proving to be insignificant (p=0.061). In 
addition, subject #3 displays no significant difference in COG velocities when comparing 
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draw and take-out deliveries (Table 7). Subject #3 shO\vs a mean velocity of 1.18 m/s for 
dravis and 1.54 mls for take-outs (p=0.767). 
Table 5. Subject #1 COG Linear Velocity 
t-Test: Two-Sample Assuming Equal Variances: Subject #1 Sacrum 
Velocity 
Draw Take-Out 
Mean 
Variance 
df 
P(T<=t) two-tail 
Table 6. Subject #2 COG Linear Velocity 
2.21 
0.19 
4 
0.82 
t-Test Tv/a-Sample Assuming Equal Variances: Subject #2 Sacrum 
Velocity 
2.14 
0.05 
Draw Take Out 
Mean 
Variance 
1.88 
0.002 
df 4 
P(T<=t) two-tail 0.06 
Table 7. SUbject #3 COG Linear Velocity 
t-Test: Two-Sample Assuming Equal Variances: Subject #3 Sacrum 
Velocity 
2.17 
0.04 
Draw Take Out 
Mean 
Variance 
df 
P(T<=t) two-tail 
1.18 
1.95 
4 
0.77 
1.54 
1.94 
In addition to analyzing center of gravity linear velocity throughout the different 
deliveries, it is also necessary to observe the angular velocities occurring at the hip, knee 
and ankle of the stance lower extremity. For reporting this portion of the results, 
individual angular velocities were estimated visually from the graphs displayed in the 
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corresponding figures. Generalities seen within or betyveen subjects \vill be reported. 
Hov,rever, no statistical analysis for numerical comparison can be accurately determined. 
Also, graphs sho\v some excessive points throughout and are probably due to limitations 
\vithin the photographic equipment and soihvare used. These points were considered 
outliers and are not used in determining the results. 
In comparing angular velocities of the lower extremity of subject #1 for draw 
(Figure 4 in Appendix A) and take-out deliveries (Figure 5 in Appendix A) there are 
slight differences noted. Focusing on the hip angular velocity from a general perspective 
the subject shows maximal push-off (hip extension) occurring at approximately 90% of 
the filmed delivery for draw shots. However, maximal hip angular velocity into 
extension for take-out deliveries occurs around 85% of the filmed delivery. Not only 
does there seem to be a difference in timing of hip motion, this subject seems to elicit a 
slight increase in hip angular velocity into extension (~ 140 degrees/sec) for draw 
deliveries when compared to take-out deliveries (~ 100 degrees/sec). Knee angular 
velocity for subject #1 seems to show an earlier and faster movement into extension for 
draw deliveries when compared to take-outs. Draw deliveries show maximal knee 
extension movements occurring at 60% (~200 degrees/sec) and again at 95% (-200 
degrees/sec) of the filmed data. Ankle dorsiflexion and plantar flexion angular velocities 
show no apparent differences \vhen comparing the t\VO deliveries with an increase in 
plantarflexion moment occurring for both deliveries within the last 10% of the filmed 
delivery. 
Subject #2 shO\vs no distinct differences in angular velocity occurring at the hip 
between dra\v (Figure 6 in Appendix A) and take-out (Figure 7 in Appendix A) 
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deliveries. However there seems to be a large increase in knee angular velocity moving 
into extension when comparing take-outs to dra\vs. Subject #2 demonstrates angular 
velocities in excess of ~200 degrees/sec for take-out deliveries and ~ 100 degrees/sec for 
draws. In addition, subject #2 shows a large increase in angular velocity moving into 
plantadlexion ( ~220 degrees/sec) for take-out deliveries throughout the last 10 % of the 
filmed data when final push-off occurs. 
Hip angular velocities for subject #3 do not vary considerably \vhen comparing 
the two graphs (Figures 8,9 in Appendix A). When analyzing knee angular velocities, 
subject #3 seems to show an increased and earlier movement into extension for draws 
(~180 degrees/sec at 30%) \vhen compared to take-outs (~100 degrees/sec at 55%). 
Ankle plantarflexion and dorsiflexion sho\v no apparent differences with both showing a 
large increase in plantarflexion angular velocity tlu·oughout the push-off phase of the 
curling delivery. 
In comparing rock linear velocity for subject #1 differences are noticed. Subject 
#1 shov,'s a rock velocity of2 .53 m/s and 3.19 m/s for draw and takeout deliveries 
respectively (Table 8) shov"ing significance (p=0.009) . Subject #2 demonstrates a rock 
linear velocity of2.34 m/s for draw deliveries and 2.76 m/s for take-outs (Table 9). This 
difference shows significance (p=0.004). Table 10 displays the rock velocity for subject 
#3. This subject shows a rock linear velocity of2.33 111/S for draws and 2.40 m/s for take-
outs showing no significance (p=0.829). 
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Table 8. SUbject #1 Rock Linear Velocity 
t-Test: Tv,'o-Sample Assuming Equal Variances: Subject #1 Rock 
Velocity 
Draw Take Out 
Mean 
Variance 
df 
P(T<=t) two-tail 
Table 9. Subject #2 Rock Linear Velocity 
2.53 
0.01 
4 
0.009 
3.19 
0.04 
t-Test: Two-Sample Assuming Equal Variances: Subject #2 Rock 
Velocity 
Mean 
Variance 
df 
P(T<=t) two-tail 
Table 10. Subject #3 Rock Linear Velocity 
Draw 
2.34 
0.002 
4 
0.004 
Take Out 
2.76 
0.01 
t-Test: Two-Sample Assuming Equal Variances: Subject #3 Rock 
Velocity 
Mean 
Variance 
df 
peT <=t) tV,IO-tail 
Draw Take-Out 
2.33 2.40 
0.02 0.27 
4 
0.83 
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CHAPTER V 
DISCUSSION 
As mentioned in chapter 2, tlu'ee theories of weight control seem to predominate. 
The first method is related to the height of the back s\ving. The higher the backswing the 
more potential energy available and subsequent increase in rock velocity. A second 
theory relates to increased push-off force \1o,l ith the stance leg creating an increase in 
velocity of the curler and the rock. The third method of weight control addresses the 
point ofrelease of the curling stone. The earlier the rock is released the more velocity it 
carries due to the decreased amount of friction to slow the stone and curler. In contrast, 
the longer the curler delays the release the more friction occurs between the curler, rock 
and ice causing a decrease in velocity. To determine the method of weight control four 
aspects of the curling delivery were analyzed: height of the backswing, linear velocity of 
center of gravity (S2), angular velocities occurring at the hip, knee, ankl~ of the stance 
leg, and the linear velocity of the rock. 
When attempting to interpret the results of this study it is difficult to analyze the 
data due to the limited number of similar studies completed on the curling delivery. 
However, in looking at the overall results of all subjects there does not seem to be one 
consi stent method of weight control used. Also, many of the results of this study 
contradict what Bothwell-Myers found in her research. For example, she concluded there 
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is no significant increase in backs\ving height when comparing the two deliveries.7 This 
study sho\vs 2 of 3 subjects use a significantly higher backs\ving when executing take-out 
shots. 
In addition, she found only slight increases in angular velocities occurring at the 
knee joint bet\veen deliveries.7 \\thereas,2 of 3 subjects seem to show increases in 
angular velocities of the lo\ver extremity for take-out deliveries when compared to draws. 
These results are difficult to compare because Both\:veIl-Myers analyzed only knee 
angular velocities, and this study looks at velocities occurring at thl'ee joints of the lower 
extremity. 
It is difficult to compare studies and drav,T conclusions about the curling delivery. 
\\then looking at the results individually, conclusions arise referring to individual 
preference in controlling the \\Ieight of the curling stone. The method of weight control 
for subject # 1 differs between types of deliveries. Increasing the height of the backswing 
predominates as the method for increasing rock velocity for subject # 1 during take-outs. 
This is enforced by the significant increase in rock height when comparing draw and 
take-out deliveries (Table 2). However, methods of acquiring velocity for draw 
deliveries differ from take-outs. The results seem to show increases in lower extremity 
stance angular velocities (push-off) for draws when compared with take-outs. This 
increase in lower extremity involvement makes sense when analyzing the subjects COG 
linear velocities of 2.21 m/s for draws and 2.14 m/s for takeouts (Table 5). This subject 
seems to use a higher backswing to increase rock velocity for take-outs, but acquires 
velocity or momentum from the stance leg for draw deliveries. 
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The results of subject #2 agree with Botl1\vell-Myers in that this subject does not 
show a significant increase in backs\ving height (Table 3). However, this subject appears 
to demonstrate increases in angular velocities (Figures 6,7) occurring at the knee and 
ankle \vhen comparing the deliveries, but statistically there is no significant increase in 
COG linear velocity for take-out deliveries. It appears this subject attains fonvard 
momentum or velocity primarily from the stance leg during push-off even though the 
numbers do not prove to be significant. 
In analyzing the method of weight control for subject #3 the source of force is 
difficult to determine. The significant increase in backsv,Ting height (Table 4) viould 
make sense if there were a significant increase in rock linear velocity \vhen leaving the 
hack, but that does not prove to be true. Like the other subjects, there is not an increase 
in COG velocity, and angular velocities seem to shovl differences in timing of maximal 
velocities. The actual velocities themselves do not seem to be different. This is probably 
not involved \Vilh the actual fonvard propulsion of the subjects, but rather a difference in 
technique when executing the different shots. Therefore, the method of\veight control 
might be due to the release point during the delivery, but that Calmot be proven due to the 
limitations of this study. 
This study attempts to shovl differences in linear and angular velocities bet\veen 
draw and take-out deliveries through statistical and visual analysis of figures . Ho\vever, 
Botlnvell-Myers found subjects exert approximately seven to ten times more force than is 
needed to complete the desired shot. If subjects leave the hack \vith more force than is 
already needed to complete the desired shot \vhether it be a draw or take-out, wby is it 
necessary to increase the force generators within the curling delivery? Subjects can 
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generate the same velocities and use friction to control the \\reight of the required shot. If 
this holds true analyzing the results of this study with statistical analysis would not show 
distinct differences between deliveries. Because the results of this study are mixed 
between subjects and no one consistent force generator was found it is probable that 
subjects controlled the weight of the curling stone by altering the release point, or a 
combination of the above-examined variables. The only way to prove friction plays a 
key role in determining force and velocity within the curling delivery is to analyze the 
release point along \",ith the elements observed in this study. 
Limitations 
The PEAK system has shown good reliability of angular velocity measurements 
in comparison \vith Biodex isokinetic testing. Selfe]] completed a study, which showed a 
mean difference in angular velocity of 0.96° s-] when comparing the PEAK 5 system and 
Biodex isokinetic dynamometer. In addition, the 95% confidence interval was 1.5 em 
indicating a relatively high reliability of reflective marker placement. 
Undoubtedly, the most prominent limitation of this study would be the limited 
number of subjects analyzed. With only 3 subjects completing 3 successful draw and 3 
successful take-out deliveries it is difficult to get an accurate average and compare 
subjects as a group and not individually. In conjunction with the limited number of 
subjects, the statistical tests lack reliability and the risk for committing a type I elTor is 
quite high. 
Recommendations 
The following are recommendations offered for future research: 
1. Use a greater number of subjects in future investigations of the curling delivery. 
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2. Record the point of release of the curling stone by either video equipment or 
manually observing. 
3. An analysis of the braking forces existing and how these forces are used to control 
the ,",'eight and momentum of the curling stone. 
4. Compare subjects who do not use a backswing in their normal curling delivery to 
subjects ,vho use the backswing delivery. 
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CHAPTER VI 
CONCLUSION 
\Vithin the limitations of this study, in \:vhich 3 subjects of a varying skill level 
took part, the following conclusions seem justified: 
1. Motion analysis can be used to quantify some of the important kinematic 
variables of the curling delivery related to the successful completion of draw and 
take-out shots. 
2. The method of weight control is not consistent betv-leen all t]u-ee subjects. 
3. Subjects seem to use their own method or a combination of methods to control the 
weight of the curling stone \vhen leaving the hack. 
As \vith most biomechanical analysis, this study looked for similarities in the 
curling delivery optimally leading to improved tec1mique and skill level of curlers. 
Although no distinct aspect of delivering the curling stone seemed to be consistent 
between all subjects, this quantitative information can be used for comparative data in 
future studies. Hopefully, enough studies will be completed leading to an understanding 
and agreement of the optimal delivery. In such a case, exercise programs can be derived 
to improve the performance of individual curlers and improve the level of play in the 
sport of curling. In addition, a better understanding of conect technique will lead to 
decreased rates of injury and provide better treatment methods leading to a quicker return 
to sport which all athletes desire. 
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According to the United States Curling Association, there are over 15,000 curlers in the United States, and with the sport becoming an 
official Olympic medal sport in 1998 more people are showing interest in the game. This increase of interest has raised the level of 
competition placing more emphasis on the technical aspects of the game. For this reason, research analyzing the kinetic and kinematic 
vari<\bles of the curling delivery is essential. However, in reviewing the literature analyzing the curling delivery, it is found that few 
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studies of this subject have been completed. The purpose of this study is to analyze and describe the kinetic and kinematic variables 
of the curling delivery with a 3-D motion analysis system. 
The results will attempt to provide objective information associated with the curling delivery, and allow development of training 
programs to enhance the curling Athlete's perfonnance. This information will be beneficial to physical therapists working with 
experienced or novice curlers, both for training and rehabilitation if injury occurs. Normal, trained, healthy subjects will be used in 
this research. Human subjects are needed for this research study in order to analyze the kinetic and kinematic aspects of the curling 
delivery. 
PLEASE NOTE: Only information pertinent to your request to utilize human subjects in your project or activity should be included 
on this form. Where appropriate attach sections from your proposal (if.seeking outside funding). 
2. PROTOCOL: (Describe procedures to which humans will be subjected. Use additional pages ifnecessary.) 
.. Subjects · . 
The sample will consist of 10 curlers of either sex, voluntarily recruited for this study. Subjects must be healthy and without 
pathology which may lead to injury or limit their curling delivery. Subjects' age will be 18 or older. We will not accept subjects who 
are pregnant All participants will sign the appropriate human subject consent forms prior to initiation of the study. 
Procedure: 
The study will be conducted at the Grand Forks Curling Club. Upon entering the facility, subjects will be given verbal instructions on 
purpose and procedure of the experiment and then will be asked to sign a consent form. Video analysis will be used to analyze the 
kinetic variables associated with the curling delivery. Reflective markers will be attached to the trunk and lower extiemity bilaterally 
using double-sided tape. Video cameras will be placed around the subject and will film the subject's lower extremity and trunk 
movements throughout the delivery. The infonnation collected will be recorded on videotapes and will then be transferred to a 
computer for analysis. . 
Subjects will be allowed to warm-up and take practice deliveries with the markers in place to ensure their delivery will not be 
impeded. Each subject will be asked to perfonn two successful "draw" and "takeout" shots using their nonnal delivery. Motion 
analysis will be recorded for each delivery. 
Data collection will consist of motion present at the trunk and lower extremities. The video image will be converted to a stickman-
like figure, from which we can determine the kinematics of the curling delivery. 
3. BENEFITS: (Des<;ribe the benefits to the individual or society.) 
The possible benefits of this study will include obtaining information on the curling delivery that may lead to the development of 
training programs to increase the skill level of participants. By identifying desired kinematics at the joints, a·rnore efficient training 
program may be developed to train muscles affecting the joints observed. By establishing normative data on trunk and lower 
extremity motion during the various stages of the curling delivery. we will provide information that could be used in future curling 
studies. ' 
4. RISKS: (Describe the risks to the subject and precautions that will be taken to minimize them. The concept of risk goes beyond 
physical risk and includes risks to the subject's dignity and self-respect, as well as psychological, emotional or behavioral 
risk. If data are collected which could prove hannful or embarrassing to the subject if associated with him or her, then 
describe the methods to be used to insure the confidentiality of data obtained, including plans for final disposition or 
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destruction, debriefmg procedures, etc.) 
Physical risks to the subjects in this study are minimal. Motion analysis equipment poses no risk of injury to the SUbjects. The 
possibility of muscle strains and falls due to the ice surface exists. However, these risks are minimal considering the athletes' 
condition, warm-up period allowed and experience in perfonning such activities. . 
Data will be collected in a confidential marmer and the collected data will be kept confidential in a locked office in the Physical 
Therapy department for a minimwn of three years. Names will not be used for any reason in this study, and code numbers will be 
assigned to ensure strict confidentiality. Participation in this study is voluntary and subjects are free to withdraw at any time and for 
any reason without fear of retribution. 
5. CONSENT FORM: A copy of the CONSENT FORM to be signed by the subject (if applicable) andlor any statement to be read 
to the subject should be attached to this form. !fno CONSENT- FORM is to be used, document the 
procedures to be used to assure that infringement upon the subject's rights will not occur . 
• The signed consent forms will be kept by David ReIling in the University of North Dakota Physical Therapy Deparunent for a period 
of three (3) years. A copy of the consent form is attached. 
6. For FULL IRB REVIEW forward a signed original and thirteen (13) copies of this completed form, and where applicable, 
thirteen (13) copies of the proposed consent form, questionnaires, etc. and any supporting docwnentation to: 
Office ofReseafch & Program Development 
University of North Dakota 
Grand Forks, North Dakota 58202-7134 
On campus, mail to: Office of Research & Program Development, Box 7134, or drop it off at Room 105 Twamley Hall. 
For EXEMPT or EXPEDITED REVIEW forward a signed original and a copy of the consent form, questionnaires, etc. and any 
supporting docwnentation to one of the addresses above. 
Training or Center Grant Director Date 
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included with your "Human Subjects Review Form. n 
STUDENT CONSENT TO RELEASE OF EDUCATIONAL RECORD! 
Pursuant to the Family Educational Rights and Privacy Act of 1974, I hereby consent to the Institutional Review Board's access to 
those portions of my educational record which involve research that I wish to conduct under the Board's auspices. I understand that 
the Board may need to review my study data based on a question from a participant or under a random audit The study to which this 
release pertains is . 
• I understand that such information concerning my educational record will not be released except on the condition that the Institutional 
Review Board will not permit any other party to have access to such information without my written consent I also understand that 
this policy will be explained to those persons requesting any educational information and that this release will be kept with the study 
documentation. 
Date Signature of Student Researcher 
• Consent required by 20 U.S.C. 1232g. 
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on March 17, 1999 and the following action was taken: 
"'Q' :.roject approved. EXPEDITED REVIEW No. :-:-.,-:,,=---________________ ..-: 
F--t:!ext scheduled review is on __ ....:M:..:.a=r=-c=.:h:.:........:2=-O=-O:....;O=---__________________________________ ~ 
o Project approved. EXEMPT CATEGORY No. _________ ~ stated in the Remarks Section. No periocic review scheduled unless so 
O Project approved PENDING receipt of corrections/additions. These corrections/additions should be submitted to ORPD for review and approval. This study may NOT be started UNTIL finallRB approval has been 
received. (See Remarks Section for further information.) 
O Project approval deferred. This study may not be started until finallRB approval has been received. (See Remarks Section for further information.) 
o Project denied. (See Remarks Section for further information.) 
REMARKS: Any changes in protocol or adverse occurrences in the course of the research project must be reported 
immediately to the IRB Chairperson or ORPD. 
PLEASE NOTE: Requested revisions for student proposals MUST include adviser's signature. 
cc: D. ReIling, Adviser 
Dean, Medical School Sig ature of Designated IRB Member 
U 's Institutional Review Board 
3- (J-9 '7 
Date 
If the proposed project (clinical medical) is to be part of a research activity funded by a Federal Agency, a special . 
assurance statement or a completed 310 Form may be required . Contact ORPD to obtain the required documents. 
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Information and Consent Form 
Title: Motion Analysis ofthe Curling Delivery 
You are being invited to participate in a study conducted by David Relling, a physical 
therapy instructor, and Sam Harms, a physical therapy student at the University of North 
Dakota. The purpose of this study is to analyze joint range of motion and center of 
gravity throughout the different phases of the curling delivery. The results will attempt to 
provide information on developing training programs with the purpose of enhancing the 
athlete's skill level. Only normal, healthy subjects will be asked to participate in this 
study. 
You will be asked to make three successful "draw" and "takeol:lt" shots using your 
normal curling delivery while being monitored by motion analysis cameras. You will be 
given a few minutes to warm-up prior to performing the actual trials. You will be given 
adequate time between trials. . 
The study will take approximately one hour of your time. You will be asked to report to 
the Grand Forks Curling Club in Grand Forks, North Dakota at the designated time. We 
will record your age, height, gender, years of curling experience and level of achievement 
for data analysis purposes. During the experiment, we will be videotaping the kinematics 
associated with the curling delivery. 
Although the process of physical performance testing always involves some degree of 
risk, the investigators in this study feel the risk of injury' is minimal. In order for us to 
record range of motion data we will place some reflective markers to certain landmarks 
on your body for motion analysis cameras. The amount of exercise you will be asked to 
perform will be minimal. 
Your name will not be used in any reports of the results of this study. Any information 
that is obtained in connection with this study and that can be identified with you will 
remain confidential and disclosed only with your permission. The datawill be identified 
by a number known only by the investigator. The investigator or participant may stop the 
experiment at any time if the participant is experiencing discomfort, pain, fatigue; or any 
other symptoms that may be detrimental to his/her health. Your decision whether or not 
to participate will not prejudice your future relations with the Physical Therapy 
Department or the University of North Dakota. If you decide to participate, you are free 
to discontinue participation at any time without prejudice. 
The investigator involved is available to answer any questions you have concerning this 
study. In addition, you are encouraged to ask any questions concerning this study that 
you may have in the future. Questions may be addressed to Dave Relling or Sam Harms 
at (701) 777-2831. A copy of this consent form is available to all participants in this 
study. .. 
40 
In the event that this research activity (which will be conducted at the Grand Forks 
Curling Club) results in physical injury, medical treatment will be available, including 
first aid, emergency treatment and follow up care as it is to any member of the general 
public in similar circumstances. Payment for any such treatment must be provided by 
you, and your third party payer if any. 
ALL OF MY QUESTIONS HAVE BEEN ANSWERED AND I AM 
ENCOURAGED TO ASK ANY QUESTIONS THAT I MAY HAVE 
CONCERNING THIS STUDY IN THE FUTURE. MY SIGNATURE INDICATES 
THA T, HAVING READ THE ABOVE INFORMATION, I HAVE DECIDED TO 
PARTICIPA TE IN THE RESEARCH PROJECT. 
I have read all of the above and willingly agree to participate in this study explained to 
me by Dave Reiling and Sam Harms. 
Participant's Signature Date 
Witness (not the scientist) Date 
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February 26, 1999 
To Whom it may Concern: 
Sam Harms has our pennission to use the Grand Forks Curling Club for his studies. 
Sincerely, 
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Kinetic and Kinematic Characteristics of the Curling Delivery 
Research # 
-------
Name: 
--------------
Age: ____ _ 
Height: ______ _ Weight _____ _ 
Permanent Address: 
Phone Number: 
-------------------
How many years have you been curling? 
About how many games or practices do you participate in one week? 
What levels of competition have you competed (Club, District, State, National, World)? 
Have you had any curling related injuries? If so, what are they and magnitude of 
involvement? 
Have you ever participated in a study related to curling in the past? If so, what was the 
researcher testing? 
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APPENDIXC 
EQUIPMENT SOURCES 
PEAK Analog Module 
PEAK PerformanceTechnologies 
7388 S. Revere Parkway, Suite 601 
Englewood, CO 80112-9765 
JVC Model BR-S378U S-VHS VCR 
lVC of America 
41 Slater Drive 
Elmood Park, MF 07407 
Sanyo Model GVR-S955 SVHS VCR 
Sanyo Fisher (USA) Corporation 
1200 W. Artesia Boulevard 
Campton, CA 90220 
VIDEOTEK Model PVS-6 6Xl Passive Video Switcher 
VIDEOTEK, Inc 
243 Shoemaker Road 
Pottstown, P A 19464-6433 
Sony Trinitron Color Video Monitor 
Sony Corporation 
PEAK Event Synchronization Unit 
PEAK PerformanceTechnologies 
7388 S. Revere Parkway, Suite 601 
Englewood, CO 80112-9765 
PULNiX Video Cameras 
PULNiX America Inc. 
1330 Orleans Drive 
Sunnyvale, CA 94089 
PEAK Calibration Frame 
PEAK PerformanceTechnologies 
7388 S. Revere Parkway, Suite 601 
Englewood, CO 80112-9765 
Horita TG-50 SMPTE Time-Code Play Speed Reader, Generator Window Inserter 
Horita 
P.O. Box 3993 
Mission Viejo, CA 92690 
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